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Evolving theories of schizophrenia emphasize a “disconnection” in distributed fronto-
striatal-limbic neural systems, which may give rise to breakdowns in cognition and emo-
tional function. We discuss these diverse domains of function from the perspective of
disrupted neural circuits involved in “cold” cognitive vs. “hot” affective operations and
the interplay between these processes. We focus on three research areas that highlight
cognition-emotion dysinteractions in schizophrenia: First, we discuss the role of cognitive
deficits in the “maintenance” of emotional information. We review recent evidence sug-
gesting that motivational abnormalities in schizophrenia may in part arise due to a disrupted
ability to “maintain” affective information over time. Here, dysfunction in a prototypical
“cold” cognitive operation may result in “affective” deficits in schizophrenia. Second, we
discuss abnormalities in the detection and ascription of salience, manifest as excessive
processing of non-emotional stimuli and inappropriate distractibility. We review emerg-
ing evidence suggesting deficits in some, but not other, specific emotional processes
in schizophrenia – namely an intact ability to perceive emotion “in-the-moment” but poor
prospective valuation of stimuli and heightened reactivity to stimuli that ought to be filtered.
Third, we discuss abnormalities in learning mechanisms that may give rise to delusions, the
fixed, false, and often emotionally charged beliefs that accompany psychosis. We highlight
the role of affect in aberrant belief formation, mostly ignored by current theoretical models.
Together, we attempt to provide a consilient overview for how breakdowns in neural sys-
tems underlying affect and cognition in psychosis interact across symptom domains. We
conclude with a brief treatment of the neurobiology of schizophrenia and the need to close
our explanatory gap between cellular-level hypotheses and complex behavioral symptoms
observed in this illness.
Keywords: schizophrenia, emotion, cognition, working memory, delusions, fronto-striatal circuits, amygdala,
cortical disinhibition
INTRODUCTION
Schizophrenia is perhaps one of the most complex neuropsy-
chiatric illnesses (Walker et al., 2004) with a remarkably het-
erogeneous presentation (Peralta and Cuesta, 2001; Dutta et al.,
2007). After more than 100 years of continuous research effort
(Insel, 2010), it largely remains a puzzle and presents a major
challenge for clinical neuroscience (Ross et al., 2006; Heckers
and Konradi, 2010). Patients suffering from schizophrenia face
a lifetime of disability across virtually all known higher cognitive
functions (Reichenberg and Harvey, 2007) and specific affective
processes (Aleman and Kahn, 2005; Kring and Moran, 2008) vital
to social interaction (Ochsner, 2008), vocational function, and
overall life outcome (Kee et al., 2003; Green, 2006). The earli-
est conceptualizations of schizophrenia emphasized fragmented
thinking exhibited by patients and a “disconnect” between affec-
tive and cognitive functions (Bleuler, 1911). Modern diagnostic
classifications typically conceptualize schizophrenia as a complex
dimensional syndrome (Barch and Keefe, 2010) thought to arise
from disturbances in distinct, but interacting neurotransmitter
systems such as gamma-aminobutyric acid (GABA), glutamate,
and dopamine (Krystal et al., 2003; Goldman-Rakic et al., 2004;
Lewis and Hashimoto, 2007; Lewis et al., 2012), which compro-
mise the function of distributed brain networks (Stephan et al.,
2006). Dysregulation in such distributed neural systems is thought
to give rise to diverse symptoms such as disturbances in percep-
tion (hallucinations), belief (delusions), emotional dysfunction
(amotivation and anhedonia), as well as severe deficits in complex
cognitive operations such as working memory, long-term memory,
and executive functioning (Barch and Ceaser, 2012). Perhaps what
is so puzzling about schizophrenia is that it affects broad and seem-
ingly independent functions, producing neurocognitive distur-
bances that are far outside the realm of normal human experience
(e.g., severe delusions). However, conceptualizing these emergent
behavioral phenomena as “separate” often ignores how they may
actually interact – a dichotomy particularly obvious in research on
affect and cognition (Pessoa, 2008). Although we base our clini-
cal diagnosis on the overt behavioral deficits in these seemingly
“independent” processes, we have a growing understanding that
the human brain is not simply carved into modules that give rise
to “emotional” vs. “cognitive” deficits in mental illness (Pessoa,
2008), as might be argued by lesion accounts. Thus, examining
how these vital and complementary processes interact is critical for
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our complete characterization of the emerging symptom profile
in schizophrenia.
Only in recent decades has our understanding of basic brain
function evolved to elucidate the critical interplay of brain com-
putations involved in “hot” affective processes (e.g., fear) and
traditionally “cold” cognition (e.g., reasoning; Dolcos et al., 2004).
That is, if we step beyond the study of mental illness, there is a long
tradition in cognitive science largely devoid of any consideration
for the role of affect (e.g., decades of research in memory, Tulving,
1972). Similarly, affective science has evolved in parallel, without a
full integration into the emerging framework of cognitive science,
until recently through the development of fields such as social,
cognitive, and affective neuroscience. However, our academic divi-
sions in research and the clinic do not always accurately cleave
nature at its joints. Indeed, it has become widely accepted that
brain regions involved in performing computations in the service
of emotional and cognitive functions may be in a constant state of
interaction depending on ongoing environmental and organismal
demands (Pessoa, 2008). For instance, we now know that compu-
tations in the brain that give rise to fear responses are critically
interwoven in the formation of memories (LeDoux, 2000).
Before we continue, we will briefly articulate some basic con-
cepts and terminology that we will employ throughout the review.
We will discuss findings related to the interaction of two tradi-
tionally independent, broad domains of function: emotion and
cognition. Therefore it is important to briefly examine what we
mean by “cognition” and “emotion.” Cognition typically refers to
an ensemble of complex higher-level functions that are imple-
mented across distributed brain networks involving mainly cor-
tical regions; these include memory (Tulving, 1972), attention
(Posner and Petersen, 1990), language (Petersen et al., 1990), and
cognitive control (Miller and Cohen, 2001; Miller and D’Esposito,
2005). These higher-order functions are typically considered to
be largely under volitional conscious control and are invoked
in the service of some action or goal (Miller and Cohen, 2001;
Miller and D’Esposito, 2005; Braver, 2012). On the other hand,
it has been difficult to reach a universal consensus regarding the
true definition of “emotion” (Lang, 2010) as this domain of func-
tion encompasses more elusive and diverse processes (reviewed in
more detail below) taking place at vastly different temporal scales
(Phillips, 2003; Phillips et al., 2003; e.g., from millisecond percep-
tion of fear-inducing stimuli to year-long mood states). Despite
these challenges, some authors have attempted to define emotion
as a set of computations originally implemented to motivate and
mobilize action in the service of optimal survival (Lang and Davis,
2006; Lang, 2010; Lang and Bradley, 2010). From this conceptu-
alization, emotion has been traditionally viewed as a broad set
of evolutionary older functions, largely supported by subcortical
and limbic structures (LeDoux, 2000), that perform computations
mainly in the service of approach (in response to appetitive stim-
uli) or avoidance (in response to aversive stimuli) dispositions and
actions, with more complex elaborations on these basic functions
in higher-level organisms. This is not to say that emotion does
not involve volitional and more complex processes in humans
(e.g., guilt, jealousy, empathy Harvey et al., 2012). Indeed there
are remarkable and complex elaborations on these evolutionar-
ily older neural functions in humans (for a more comprehensive
theoretical treatment of the functional utility and complexity of
human emotion we refer the reader to prior reviews on this topic;
Salzman and Fusi, 2010; Niedenthal and Brauer, 2012).
Nonetheless, here we conceptualize both emotion and cogni-
tion to represent broad functional domains with specific “sub-
processes”implemented by select brain regions and/or networks of
brain regions. Thus, it is important to note that it is less likely that
there really is an interaction between “domains” of function (as a
brain region does not “know” whether a computation being per-
formed is specifically emotional or cognitive in nature), but rather
between “sub-processes” (e.g., memory consolidation and detec-
tion of fear stimuli) that may be classified into one of these broader
domains based on the functions they subserve. Furthermore, even
specific “components” of cognition (such as working memory) are
likely to encompass a complex interaction of lower-level processes
that act in concert to orchestrate a set of computations in support
of that aspect of cognition. For instance, computations within
regions maintaining fidelity of memory traces, interacting with
regions involved in suppressing external interference, could be
considered as processes implemented by specific brain areas; how-
ever, they could both be considered as components of the general
rubric of working memory (Jonides et al., 2008). Henceforth, when
discussing processes, we will mainly be referring to a more specific
set of computations implemented at the level of brain systems
and/or network of regions. In contrast, when referring to domains
of function (e.g., emotion and/or cognition or rather broad rubrics
of cognition/emotion such as memory or mood) we will be refer-
ring to a higher level of analysis, which emerges as a result of the
brain implementing and orchestrating specific processes.
Despite the different theoretical and empirical traditions giv-
ing rise to “affective” and “cognitive” neuroscience, we cannot
continue to de-emphasize how emotion and cognition computa-
tions are intricately intertwined (Pessoa,2008; Pessoa and Adolphs,
2010). For instance, affective information influences neural com-
putations as early as basic visual processing (Bradley et al., 2003;
Padmala and Pessoa, 2008). We contend that these interactions
are particularly relevant for mental illness, which does not obey
our, perhaps arbitrary, way of carving up emotion and cogni-
tion. In fact, we argue that serious mental illness such as psychosis
involves deficits across both affective and cognitive operations,
highlighting the need to understand their interactions not only in
healthy human function, but how their breakdowns impact upon
one another to affect behavioral deficits observed in mental illness.
Nevertheless, despite evidence for severe emotional abnormalities
in schizophrenia, research to date has investigated emotion in this
illness largely in isolation from cognitive abnormalities (Aleman
and Kahn, 2005), and emotional-cognitive interactions have yet to
be explored systematically in patients suffering from schizophre-
nia (Kring, 2011). Of note, throughout the review we will use the
term dysinteraction to emphasize that the relationships between
cognition and emotion and their disruption in schizophrenia are
not simply a unidirectional loss of function in a particular domain,
but likely represent a dynamic interplay between functions.
In the present review we discuss three emerging research
domains relevant to our understanding of schizophrenia that high-
light this critical interplay of affective and cognitive operations and
their breakdown. We will approach these topics from an affective
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and cognitive neuroscience perspective – that is we will highlight
findings at the behavioral level and how they may relate to neural
system-level findings that can be assayed with neuroimaging. First,
we discuss the role of cognitive deficits and disruptions in neural
systems responsible for context maintenance as in part contribut-
ing to motivational deficits in schizophrenia. Here we highlight
findings suggesting that motivational abnormalities in schizophre-
nia may arise from the disrupted ability to “maintain” affective
context over time to guide behavior. Through this perspective, we
offer an example where a prototypical “cold” cognitive operation,
namely working memory, may result in“affective”deficits in schiz-
ophrenia. Second, we review abnormalities in detection of salience
that can manifest as heightened processing of non-emotional stim-
uli and inappropriate distractibility. Here we discuss emerging
affective neuroscience findings in psychosis, which posit deficits
in specific emotional processes, but not others – namely intact
ability to perceive emotion “in-the-moment” but heightened reac-
tivity to stimuli that ought to be filtered or ignored. Third, we
highlight how breakdowns in learning mechanisms give rise to
delusions, the fixed, false, and often emotionally charged beliefs
that accompany psychosis. We offer an account for the role of affect
in aberrant belief formation, mostly ignored by current theoretical
models of delusions. Furthermore, we discuss how our contin-
ued understanding of schizophrenia and other mental illnesses
depends on bridging our basic theoretical advances across affec-
tive and cognitive neuroscience to understand and ultimately treat
complex neuropsychiatric disease. In turn,we argue that our evolv-
ing understanding of mental illness from this multidisciplinary
perspective has the potential to cross-fertilize our basic under-
standing of human brain function. Finally, we will also attempt
to link system and symptom-level findings to emerging cellular-
level theories of neuropathology in schizophrenia (Krystal et al.,
2003; Lewis et al., 2012; Marin, 2012). We argue that linking our
cellular-level hypotheses with systems neuroscience findings and
ultimately behavior is critical to close the explanatory gap that
currently exists between our cognitive neuroscience evidence and
hypotheses detailing synaptic pathology in schizophrenia research.
THE ROLE OF WORKING MEMORY IN EMOTIONAL CONTEXT
MAINTENANCE
Emotional deficits in schizophrenia are prominent. Since the
seminal work of Bleuler (1911) and Kraeplin (1950), affective
abnormalities have been considered a central component of schiz-
ophrenia symptomatology. However, the precise profile of emo-
tional deficits in schizophrenia is complex. In fact, fully describ-
ing the range of affective abnormalities in this illness deserves
a comprehensive treatment in itself and is beyond the scope of
the present review (see Trémeau, 2006; Kring and Moran, 2008
for detailed discussion). Briefly, there is emerging evidence that
patients with schizophrenia exhibit deficits in their expression of
emotion (Krause et al., 1989; Berenbaum and Oltmanns, 1992;
Kring et al., 1993, 1994; Mattes et al., 1995; Sison et al., 1996; Iwase
et al., 1999; Cedro et al., 2001; Trémeau et al., 2005), recognition of
emotional facial expressions and emotional classification (Mandal
et al., 1998; Habel et al., 2000; Edwards et al., 2002; Kohler et al.,
2003; Scholten et al., 2005), as well as anticipating hedonic experi-
ence (Gard et al., 2007). While all of these deficits are incapacitating
and deserve research attention, here we focus on the third specific
area of emotional dysfunction – namely the ability to guide behav-
ior based on anticipated future rewards – a deficit which may, in
part, underlie the negative syndrome and anhedonia (Barch and
Dowd, 2010). A prominent feature of the negative syndrome in
schizophrenia is the lack of motivation and inability to initiate
appetitive goal-driven behaviors. Here we argue that this cardi-
nal “emotional” symptom of psychosis can, at least in part, be
conceptualized as a breakdown in the interaction of emotion and
cognition – specifically as a deficit in representation of emotional
context over time.
However, before we continue it is important to highlight one
paradoxical finding that needs to be explained in the current
framework: patients with schizophrenia seem to exhibit intact
“in-the-moment” responses to emotional stimuli (Herbener et al.,
2008). That is, when presented with emotionally laden stimuli,
patients rate (Herbener et al., 2008; Kring and Moran, 2008), expe-
rience (Burbridge and Barch, 2002; Mathews and Barch, 2004),
and activate neural structures (such as the amygdala) similarly to
healthy controls (Anticevic et al., 2012b,c). This is further high-
lighted by a recent meta-analysis of the emotional neuroimaging
literature in schizophrenia demonstrating little difference in amyg-
dala signals in response to emotional probes relative to healthy
controls (Anticevic et al., 2012c; but see a recent meta-analysis for
a more extensive examination of other emotional tasks (Taylor
et al., 2011)). Consistently, behavioral studies find that when pre-
sented with actual physical stimuli, patients tend to rate affective
valence and arousal dimensions similarly as healthy controls (Her-
bener et al., 2008; Anticevic et al., 2012b). For instance, Herbener
et al. (2008) asked that both patients diagnosed with schizophrenia
and matched healthy controls provide “in-the-moment” ratings of
arousal and valence dimensions of complex images that were pre-
selected from the International Affective Picture System (IAPS).
This study reported a very similar profile of arousal and valence
ratings across both groups of subjects, an effect subsequently repli-
cated in our own work (Anticevic et al., 2012b). These findings
highlight that, when an affectively charged stimulus is readily avail-
able for sensory processing, the quality and the intensity of the
emotional experience in patients seems comparable to that found
in healthy populations (although more work is needed to fully rule
out experimenter demand characteristics). As noted, this is some-
what paradoxical, because representations of those stimuli seem
to break down over time and hence patients may not be able to
use the affective information to guide behavior in a goal-directed
fashion (Barch and Dowd, 2010).
Consistent with this hypothesis, Heerey and Gold (2007)
demonstrated that patients diagnosed with schizophrenia exhibit
deficits in their ability to translate subjective emotional experience
into motivated behavior, particularly when relying on internal
representations. These findings offer one source of support for
the notion that motivated reward-driven behavior may be com-
promised in schizophrenia, even in the face of seemingly intact
in-the-moment effects of positive and negative stimuli on behav-
ior. This may occur due to a number of factors, one of which may
involve a breakdown in context representations over time. Indeed,
this is a thesis proposed by the authors (Heerey and Gold, 2007;
p. 269): “Cognitive factors may also undercut the ability to couple
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motivational salience and behavior (Barch, 2005). For example,
the degree to which an individual can activate a stimulus rep-
resentation in working memory and use that representation to
motivate behavior may prove important in understanding moti-
vational deficits.” However, there is an important nuance – Heery
and Gold did not observe a significant interaction between Evoked
vs. Representational conditions across patients and control groups,
suggesting that there may not be a substantial difference in these
two processes. Nevertheless, there was a correspondence between
Representational/Evoked behavior and emotional ratings, suggest-
ing a larger discrepancy between the Representational condition
behavior and ratings (as opposed to Evoked). The authors postu-
late this second effect may imply that (p. 273): “. . .patients have
more difficulty generating behavior on the basis of internal rep-
resentations than in the direct presence of an evocative stimulus.”
The hypothesis that such affective deficits may be associated with
problems in working memory was further bolstered by a signif-
icant relationship between both verbal and non-verbal working
memory measures and the aforementioned effects. Together, these
findings are in line with the proposal that guiding future reward-
related actions may be compromised in part due to working
memory deficits in schizophrenia.
Building on these insights, consider the following scenario:
While patients may report that they enjoy a chocolate cake when
they are consuming it, it seems that engaging in behaviors neces-
sary to obtain the experience of the cake are compromised (Kring
and Moran, 2008). Planning, purchasing, preparing, or baking
the cake requires ongoing maintenance of contextual information
regarding the food’s rewarding properties, which will ultimately
guide the volitional pursuits over time that may lead to such a
reward (in this case intake of appetitive food). While it is clear
that an intact reward valuation system is necessary for this set of
behaviors to take place (O’Doherty et al., 2002; Berridge, 2003,
2004; Barbas, 2007), this function in large part also depends on
the intact ability to maintain an appetitive context over time – a
process reliant on working memory (Barch et al., 2003) and cog-
nitive control (Barch and Ceaser, 2012). This is where emotion
and cognition may “dysinteract” in schizophrenia. This is not to
say that deficits are completely absent in basic reward process-
ing in schizophrenia, as evidence suggests this may be the case
(Dowd and Barch, 2010; Nielsen et al., 2012). However, such a
deficit in basic reward processing may be exacerbated via the
inability to actively maintain rewarding information in working
memory. In that sense, there may exist a “tension” in the transition
from initial learning (perhaps reliant on basic reward processing)
and using what is learned to guide complex behavioral routines
(perhaps more reliant on working memory) that ultimately may
become more ritualized and habitual (and hence freed from work-
ing memory demands). Breakdowns in this process have yet to be
systematically explored.
There is strong evidence suggesting that patients with schizo-
phrenia exhibit both behavioral and neural deficits in their ability
to represent context over time (as demonstrated by findings from
continuous performance tasks; Braver et al., 1999) as well as in
their working memory operation (Lee and Park, 2005; Van Snel-
lenberg et al., 2006). Some researchers would argue that these
cognitive deficits are at the“core”of the illness because they emerge
prior to the full syndrome (Cornblatt et al., 1999; Niendam et al.,
2003), remain present across the life-span (Heaton et al., 2001;
Irani et al., 2011), and are even observed in first-degree rela-
tives of patients (Delawalla et al., 2006). They may pre-date the
emotional deficits or perhaps contribute to their emergence. One
possibility is that inability to maintain and update information in
working memory in the service of guiding goal-directed behavior
may in part contribute to and/or interact with motivational prob-
lems observed in this illness. In line with this hypothesis, using
an elegant design, a recent fMRI study by Ursu and colleagues
found an effect consistent with this possibility (Ursu et al., 2011).
While in the scanner, Ursu and colleagues exposed subjects to
affective or neutral pictures for a brief period followed by a delay
interval during which subjects “maintained” the affective state.
Following this delay all subjects were instructed to provide ratings
of their emotional experience of the previously presented stim-
ulus. Interestingly, during the initial stimulus presentation phase
(i.e., while the physical stimulus was presented on screen), patients
and healthy comparison subjects showed little difference in neural
activity, as revealed by a direct contrast. In fact, both groups acti-
vated a distributed network of regions previously associated with
processing affective stimuli, including the visual cortex, insula,
thalamus, midbrain structures, and other regions (Kober et al.,
2008). However, when required to “maintain” the affective content
over the delay, individuals with schizophrenia exhibited marked
reductions in signal levels across regions previously linked to cog-
nitive control (e.g., dorso-lateral PFC; Wager and Smith, 2003;
Owen et al., 2005). The lack of maintenance signals correlated
with negative symptom severity in their sample. It is important to
note that Ursu and colleagues found an association with negative
and not positive stimuli – this limits the generalizability of their
findings somewhat. Nevertheless, this general pattern of reduced
prefrontal signal in the context of maintaining affective informa-
tion is in correspondence with a body of evidence showing that
schizophrenia is associated with reduced DLPFC signals during
cognitive control and working memory tasks (Van Snellenberg
et al., 2006). Indeed, in a recent investigation we demonstrated
clear loss of prefrontal signal during the delay phase of work-
ing memory in a task context devoid of affect (Anticevic et al.,
2011a), replicating and extending a large body of evidence sug-
gesting lateral prefrontal abnormalities during working memory
in schizophrenia (Glahn et al., 2005). It may be possible that the
same deficit in the maintenance of context is at play irrespective of
the type of information maintained in working memory. In other
words, a deficit in a primarily “cold” cognitive operation may give
rise to problems in maintaining affective representations.
If breakdowns in context maintenance indeed produce some
affective abnormalities in this illness, then understanding and
treating cognitive deficits may in part “rescue” some of the abnor-
malities we would traditionally consider as purely affective (e.g.,
lack of motivation). Indeed, there is evidence that suggests that
patients with more superior cognitive performance on a working
memory task manifest less of a difference between in-the-moment
and delayed reports of emotion (Burbridge and Barch, 2002),
suggesting that the deficit could be explained, at least to some
extent, by breakdowns in cognitive control. However, there are still
unresolved questions that future research may need to address:
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First, there may be unique deficits in representing and main-
taining affective information, stemming from breakdown in ini-
tial representations of context and information (e.g., encoding
deficits) vs. deficits in representing and shielding such representa-
tions over time. In other words, forming accurate internal repre-
sentations of an appetitive context (e.g., encoding novel stimuli) vs.
actually representing and retrieving this context (e.g., maintenance
of activity over a delay period) may constitute unique sources of
deficits in schizophrenia (Lee and Park, 2005). It remains unclear
what aspect of this emotion-cognition “dysinteraction” may be
more severe. Recent work in working memory devoid of affect
suggests that these abnormalities may be present across both for-
mation and maintenance of active representations (Anticevic et al.,
2011a).
Second, to what extent do such deficits in cognitive control,
which may in part drive abnormalities in maintenance of emo-
tional context, interact with reward learning mechanism? Patients
may exhibit additional disruption in more basic reward process-
ing/learning deficits (Barch and Dowd, 2010; Dowd and Barch,
2010). Together, these abnormalities may combine to exacerbate
negative symptoms. In that sense, at the stage of the illness where
anhedonia is already severe, we may be observing a confluence
of problems in learning the rewarding properties of stimuli and
the ability to represent those stimuli in mind over time to drive
purposeful goal-driven behavior. We return to this question in
more detail in the final section, where we argue that at least some
symptoms of psychosis are associated with deficits in learning and
interaction of learning mechanisms with affect. Nevertheless, it
will be critical to further characterize the interplay and possible
breakdown of reward responsiveness, learning, and cognitive con-
trol in schizophrenia. One target at the neural system level may
be the interplay of prefrontal cortex and the ventral striatum,
whose responsiveness to positive stimuli has been linked to lev-
els of anhedonia symptoms in prior research (Dowd and Barch,
2010).
Third, no study has directly and systematically compared both
cognitive and affective maintenance deficits in the same sample
of patients. Prospective studies may want to examine whether the
same pattern of results emerges: that is, are patients with the most
severe loss of signal during “cold” cognitive operations such as
working memory maintenance also exhibiting the most degra-
dation of signal during maintenance of affective/reward-related
representations, and whether this pattern relates to individual dif-
ferences in symptoms. Similarly, it will be important to determine
whether the loss of prefrontal signals during “affective” main-
tenance is predictive of subsequent behavior. For instance, one
could envisage a cognitive-emotional fMRI paradigm that requires
a given precision of affective context representation to guide sub-
sequent task performance such as loss or gain of a reward. In doing
so, future work could further link the lack of “maintenance”signals
following affective/reward cues to deficits in future goal-directed
behavior and negative symptoms.
Fourth, future research should also address why such a break-
down may be more manifest for approach-related (i.e., positive)
stimuli vs. avoidance-related (i.e., negative) stimuli (Barch and
Dowd, 2010). Ursu and colleagues found that the degree of DLPFC
signal loss specifically in the positive condition was predictive of
negative symptom severity. If the source of the deficit was in
cognitive control regions, which may not be specific to any one
valence in particular, then the specificity of the breakdown in
reward-related behavior (rather than defensive ones) needs to be
explained and linked to possible striatal deficits. Perhaps, as Ursu
and colleagues argue, converting active affective representations
into motivated behavioral pursuits requires a different dynamic
interplay between PFC and reward-related neural circuits (e.g.,
ventral striatum and orbitofrontal cortex). Future studies should
further elucidate these possibilities using convergent task-based
activation and functional connectivity methods that probe dis-
ruptions in distributed fronto-striatal circuits as a function of
valence.
Fifth, prior work suggests that some of the observed differences
in reward responsiveness and representation are related to indi-
vidual differences in symptom severity (Dowd and Barch, 2010;
Ursu et al., 2011; Nielsen et al., 2012). These findings highlight
that observed deficits may not constitute a stable trait of the schiz-
ophrenia “diagnosis,” but instead suggest that the level of the state
(i.e., negative symptoms) may be related to the severity of regional
disturbance and the dysinteraction between the aforementioned
distributed prefrontal-striatal systems. Given this clinical hetero-
geneity, we suggest that emotion-cognition dysinteraction in this
case may arise due to inadequate striatal reward representation
and/or abnormal context representation in areas such as DLPFC.
That is, these may be dissociable processes, at least to a certain
extent. One way to test this possibility is to examine both striatal
and cortical function across reward and executive tasks in the same
well-powered sample. Indeed, as suggested by Dowd and Barch
(2010), it will be critical for future studies to employ adequately
powered samples to take into account possible individual differ-
ences. The importance of such a“dimensional”approach is further
highlighted by recent National Institute of Mental Health efforts to
link severity of system-level disturbances to emergent behavioral
symptoms and underlying genetic risks (Insel and Cuthbert, 2009;
Insel, 2010).
Finally, it remains to be determined whether the same hypothe-
sized underlying neurotransmitter and cellular-level neuropathol-
ogy is indeed producing deficits observed in the maintenance of
“affective” vs. “cold” representations over time. There is evidence
for striatal dysfunction in schizophrenia contributing to reward
representation abnormalities, which may in part be driven by
dopaminergic disruption (Laruelle et al., 1995, 1999). In turn,
cognitive control deficits in schizophrenia are also associated with
dopamine imbalance (Abi-Dargham et al., 2002), but may also
arise due to NMDA and/or GABA pathology (Krystal et al., 2003;
Lewis et al., 2012). Future work will need to characterize the role
of complex system-level neurotransmitter interactions in these
co-occurring processes. One technique that may help us under-
stand the source of these neurochemical deficits mechanistically
involves pharmacological manipulations in healthy adults (Krystal
et al., 1994). These manipulations impact upon different neuro-
transmitter systems thought to be implicated in cognitive/affective
disturbances in this illness (Corlett et al., 2006), which can be ele-
gantly combined with human functional neuroimaging (Honey
and Bullmore, 2004). For instance, a recent study successfully
combined two convergent pharmacological challenges thought
www.frontiersin.org October 2012 | Volume 3 | Article 392 | 5
Anticevic and Corlett Cognition-emotion dysinteraction in schizophrenia
to impact on dopamine vs. NMDA neurotransmitter systems
through the combined use of amphetamine and ketamine admin-
istration (Krystal et al., 2005). Krystal and colleagues showed that
ketamine induced cognitive and negative symptoms, whereas this
effect was ameliorated by amphetamine. In contrast, both manip-
ulations exacerbated positive psychotic symptoms, but the effects
were not interactive. This study highlights how pharmacological
approaches can begin to elucidate and dissociate the role of com-
plex and interacting neurotransmitter systems in the formation
of behavioral symptoms such as emotional (e.g., negative) and
cognitive deficits. Furthermore, as noted, such pharmacological
manipulations can be successfully combined with human func-
tional neuroimaging to experimentally probe whether a common
neurotransmitter pathway may be involved in these seemingly dis-
tinct manifest symptoms (Honey and Bullmore, 2004). Through
this approach, we may be able to mechanistically examine neu-
rotransmitter sources of observed deficits across affective and
cognitive domains in a controlled experimental setting in healthy
volunteers. The challenge facing the field is to elucidate how break-
downs in cognitive/emotional processes interact in schizophrenia,
but also to move toward a final common neurobiological path-
way that explains deficits across processes in such a way that
treatment of both deficits can be applied, perhaps concurrently.
Dowd and Barch (2010) have hypothesized that neuropathology
in prefrontal-striatal signaling may in part underlie these deficits.
We further discuss the need for such translation in the final section.
In summary, in the proceeding section we highlighted how a
dysfunction in a “cold” cognitive process may in some ways give
rise to deficits that compromise affective/reward processing. In the
following section we focus on a similar possibility in the domain
of immediate perception of salient and non-salient stimuli in
the environment – particularly from the perspective of sensory
filtering.
ABERRANT SALIENCE IN PSYCHOSIS – OVER-
RESPONSIVENESS TO “NEUTRAL” STIMULI
Another seemingly paradoxical finding in the study of emo-
tion, cognition, and their interaction in schizophrenia relates to
patients’ perception of “neutral” stimuli (i.e., stimuli that are not
perceived as salient by healthy participants). A number of dif-
ferent lines of evidence suggest that patients with schizophrenia
experience a state of “aberrant salience” marked by a blurred
distinction between relevant and irrelevant stimuli in the envi-
ronment (Gray et al., 1995; Gray, 1998; Kapur, 2003; Corlett et al.,
2009a). Preclinically, this state has been captured as a weaken-
ing of the phenomenon of latent inhibition; normally, stimuli
that have repeatedly been experienced as inconsequent receive less
attention and do not enter as readily into associative relationships
compared to non-pre-exposed stimuli. However, in the context of
psychotomimetic drugs (O’Tuathaigh et al.,2003) and endogenous
psychosis (Gray et al., 1991) the phenomenon of latent inhibition
is weakened and irrelevant stimuli garner attention. This state
of “aberrant salience” is a complex phenomenon, possibly medi-
ated by breakdowns in glutamatergic (Corlett et al., 2010a) and
dopaminergic signaling (Howes and Kapur, 2009) (see Box 1),
and a number of models have postulated neurobiological mech-
anisms that may explain this effect (Kapur, 2003; Corlett et al.,
2009a; Howes and Kapur, 2009). In this context, it is important
to briefly distinguish between psychosis and schizophrenia: the
former being a set of symptoms describing a state and the lat-
ter representing the syndrome or a theoretic construct used to
label the constellation of manifest symptoms (Walker et al., 2004).
While we argue that this deficit of aberrant salience is present in
schizophrenia patients, it is proposed that it might be particularly
exaggerated during acute psychosis (Gray, 1995, 1998; Gray et al.,
1995; Kapur, 2003). An influential model originally proposed by
Jeffrey Gray, David Hemsley and colleagues (Gray, 1995, 1998;
Gray et al., 1995) and reiterated by Kapur more recently (Kapur,
2003; Kapur et al., 2005) suggests that a primary disruption in
dopaminergic signaling in the mesolimbic pathway may result in
exaggerated dopaminergic tone, which impacts upon prefrontal-
striatal circuits. Indeed, Kapur states “. . .dopamine mediates the
conversion of the neural representation of an external stimulus
from a neutral and cold bit of information into an attractive or
aversive entity.” By assigning salience, via elevated ventral striatal
dopamine, patients may imbue “emotionality” and meaning to
random and/or typically irrelevant events.
A recent framework proposed by Corlett and colleagues argues
for a disruption in prediction error mechanisms, mediated by
NMDA and AMPA currents, that may operate during learning
and belief formation – we discuss this framework extensively in
the final section. The latter model argues that healthy perception
and belief proceed via the generation of expectations, which are
compared to incoming experiences. If expectations are not prop-
erly specified or sensory inputs misprocessed, prediction errors
result. These prediction error signals guide learning and update
future expectations or regulate the cancellation of sensory inputs
(Corlett et al., 2009a,b, 2010a). Prediction errors impact learning
directly, forging the formation and strengthening of associations
(Rescorla and Wagner, 1972), and indirectly, through the reallo-
cation of attention toward potentially explanatory stimuli (Pearce
and Hall, 1980). Aberrant prediction error signals, registered inde-
pendent of cue or context, drive the assignment of salience to
random or otherwise ignored internal and external events, a state
which may ultimately result in development of delusions. We
will return to the commonalities and differences between these
accounts as well as the empirical data on dopamine function in
patients and the potential effects of antipsychotic medication on
salience, emotions, and learning.
We highlight patterns of findings from apparently disparate
lines of work that offer evidence consistent with this aberrant
salience effect. We present the results from four separate experi-
mental domains: studies of fear conditioning, learning, and reward
processing, as well as the filtering of distracting information dur-
ing working memory. Findings across these domains could be
conceptualized broadly under this rubric of abnormal assignment
of salience and/or deficits in suppressing salient stimuli. Moreover,
these effects may result in an experience of neutral or irrelevant
stimuli as meaningful and affectively laden, possibly manifest ulti-
mately as an acute state of psychosis. If this indeed is the case,
then during states of elevated psychosis, patients may by defini-
tion exhibit abnormalities in their emotional function driven by
exaggerated responsiveness to events/stimuli that are typically not
perceived as such by healthy individuals (Kapur, 2003).
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Box 1 Dopamine, salience, and psychosis.
As noted, multiple neurotransmitter systems have been implicated in schizophrenia, with dopamine playing a central role in aberrant salience.
Therefore, it is critical to briefly consider dopamine in the present account and in particular medication targeting dopamine neurotransmis-
sion. The influential aberrant salience model was developed as a means of explaining to patients why, when they take their D2 dopamine
receptor blocking medication, do their delusions resolve (Kapur, 2003). Here we briefly consider the intersection between D2 receptor
blocking drugs, cognition, emotion, and symptoms. Certain negative symptoms like anhedonia and apathy may pre-date illness onset and
are present in unaffected and un-medicated relatives (Chen et al., 2009), hence not all emotional deficits in schizophrenia are iatrogenic.
However, attenuating dopamine transmission can curtail some motivated behaviors (Dickinson et al., 2000). While D2 receptor antagonists
ameliorate positive symptoms, their site of action may contribute to some of the anhedonia and amotivation observed in schizophrenia,
because blocking dopamine transmission (particularly in the limbic striatum/nucleus accumbens (Beninger, 1983) can decrease motivation
(Dickinson et al., 2000), perhaps explaining some side effects of D2 blockers like loss of libido. Future work should continue to explore
effects of D2 blockers on emotional/cognitive processes in schizophrenia.
In terms of the underlying functional neuroanatomy, the site at which D2-blocking antipsychotic drugs exert their effects was always assumed
to be the nucleus accumbens or ventral striatum, a key region implicated in the ascription of aberrant salience (Kapur, 2003; because accum-
bens dopamine release was related to the ascription of motivational significance or salience to drug-related cues in preclinical models of
addiction (Robinson and Berridge, 2001)). However, the Positron EmissionTomography (PET) data in patients with psychosis and individuals
in the prodromal stages of psychosis point instead to the associative striatum or head of the caudate nucleus as a possible site of dopamine
pathophysiology that may relate to psychosis, as well as a key target for D2 medication effects (Howes et al., 2009). Hence, D2 abnormalities
in associative striatum (as opposed to ventral striatum) may be associated with positive symptoms whereas pathophysiology in the accum-
bens coupled with iatrogenic effects might underpin the negative symptoms (Kegeles et al., 2010). In support of the latter point, Juckel and
colleagues employed a monetary incentive delay task in which a visual cue signals the requirement to emit a speeded instrumental response
to gain (or avoid losing) money (Knutson et al., 2000). They found aberrant striatal signaling in patients with schizophrenia, indicative of a
“blurring” of the distinction between salient and non-salient events in the striatum. This effect was significantly related to negative but not
positive symptoms (Juckel et al., 2006a). A follow-up study suggested an iatrogenic origin for the effect (Juckel et al., 2006b); when patients
were switched from typical D2-binding drugs to atypical antipsychotics with significantly less D2 receptor affinity, the striatal aberrations
appeared to normalize (Schlagenhauf et al., 2008).Together, these findings highlight that carefully considering the site, source, and symptom
relevance of D2 antagonist effects is crucial to discerning their role in this illness as well as contributions to cognitive/affective dysfunction.
Nevertheless, it is important to consider alternative mechanisms to D2 dysfunction in psychosis: D2 receptors and dopamine dysfunction
may not be the only neural mechanism with relevance to psychotic symptom formation. In the context of a transient and reversible psy-
chotomimetic ketamine infusion in healthy volunteers, inappropriate prediction error signals have been observed in cortex and these signals
were associated with aberrant salience experiences and delusion-like ideation (Corlett et al., 2006). Indeed, dopamine does not appear to
play a significant role in the acute effects of psychotomimetic compounds that impact the NMDA receptor. For instance, effects of ketamine
(an NMDA antagonist) are not blocked by haloperidol (Krystal et al., 1999) and the PET data on raclopiride binding under ketamine are
mixed (Kegeles et al., 2000). On the other hand, the psychotomimetic effects of ketamine are attenuated by lamotrigine, a drug that blocks
presynaptic glutamate release (Anand et al., 2000). Hence, unregulated glutamate release may be another mechanism driving aberrant
prediction error and psychosis. In contrast, dopamine may be more relevant for the longer lasting effects of repeated ketamine exposure
and the emergence and maintenance of positive symptoms (Corlett et al., 2011). These hypotheses should be the focus of future empirical
investigation to more fully characterize dopaminergic/glutamatergic mechanisms in psychotic symptoms.
The first study we highlight as reporting this effect was con-
ducted by Corlett et al. (2007a). The authors studied the process
of aberrant association formation in first-episode psychosis. They
examined brain responses, using fMRI, during learning of asso-
ciations and violation of those associations in patients compared
with matched control subjects. Behaviorally, both groups of sub-
jects acquired the associative relationships presented to them. This
was critical as any demonstration of brain or behavioral differences
during violation of expectation hinge upon both groups being able
to learn the basic associations. In the context of associative learn-
ing it is possible to“violate”a learned expectation – this generates a
prediction error, which can be conceptualized as a signal of salience
or novelty (i.e., something in the environment does not match the
organism’s prior expectancy). Corlett and colleagues compared
brain responses to such surprising events to those that occurred
in response to events that confirmed predictions. Healthy subjects
showed a robust difference in right lateral PFC response between
the two conditions (Corlett et al., 2007a). However, there were
group differences between patients and controls in right lateral
PFC response (see Figure 1A). The pattern observed in patients
can be best described as a “blurring” in the distinctiveness of
responses to events that violate the expected association and events
that confirmed expectations. Crucially, those patients in whom this
effect was most pronounced reported the most severe delusions.
Murray et al. (2008) illustrated a highly similar phenomenon
in the context of reward learning (as opposed to the relatively
“cold” association process highlighted above) in a case-control
design with first-episode psychosis patients. Subjects were asked
to select one of two visually presented stimuli and observe the
outcome of their choice: either a financial reward or no reward
(neutral feedback). A computational analysis estimated prediction
error from subjects’ behavioral choices and aligned these estimates
with subjects’ brain responses to rewarding and neutral events.
Comparing these two conditions in control subjects revealed a
canonical set of brain regions associated with reward processing
including the midbrain and ventral striatum. Patients with psy-
chosis showed prediction error brain responses in the midbrain
and striatum to neutral events that should not be salient. Again,
this pattern of experimental findings highlights a blurring of the
distinction between responses to events that should be important
and those that were relatively unimportant (Figure 1B). This pat-
tern of results was also replicated during aversive learning about
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cues that predicted the delivery of mild transcutaneous shocks
whereby inappropriate midbrain prediction error signals in a psy-
chotic patient group correlated with delusion severity (Romaniuk
et al., 2010). Inappropriate striatal prediction error signals to neu-
tral cues that do not predict electric shock have also been observed
(Jensen et al., 2008), however, these signals did not predict delusion
severity.
The pattern of over-responsiveness to relatively neutral events
compared to truly salient cues has been seen not only in brain sig-
nals but also in the peripheral physiological responses to those cues
that predicted aversive electrical stimuli. Aversive events and the
stimuli that predict them induce a sweating response that changes
the skin conductance, which can be measured with electrodes.
This skin conductance response is reflective of aversive learning
or fear conditioning, as well as its subsequent correlation with
previously neutral stimuli (arising through learning) when those
neutral stimuli predict the aversive events. Patients with schizo-
phrenia show a noisy skin conductance response consistent with
an aberrant salience response (Gruzelier, 1976; Holt et al., 2009),
which again correlates with delusion severity (Holt et al., 2009).
Holt and colleagues used this response to explore extinction learn-
ing. In brief, extinction involves new learning such that a once
salient stimulus, which was predictive of an important outcome (in
this case transcutaneous electrical shock), is no longer predictive.
Patients with schizophrenia can engage in extinction learning –
their skin conductance responses to extinguished stimuli indeed
FIGURE 1 | Findings across different experimental contexts that
highlight inappropriate responsiveness to “neutral” information in
schizophrenia. (A) Corlett et al. (2007a) showed, in the context of “cold”
associative learning, that events that did not violate expectation were
associated with increased DLPFC signals in schizophrenia patients relative to
healthy controls. (B) Murray et al.’s (2008) findings highlight, in the context of
reward learning, that non-rewarding events were associated with increased
striatal signals in schizophrenia patients relative to healthy controls. (C) Holt
et al.’s (2009) results show aberrant skin conductance fear responses to cues
that should be neutral (extinguished), in line with the pattern of responses
observed in the brain during causal learning and learning about monetary
rewards. (D) In a delayed working memory study faced with distraction,
Anticevic et al. (2011b) found that patients were distracted by non-salient
distraction, which was also associated with increased signals in basic visual
regions in patients, particularly when distracted. Together, these findings
suggest, across different experimental contexts and measures, that there
may be evidence for increased responsiveness to “neutral” stimuli for which
healthy controls respond to as less salient
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decrease (Holt et al., 2009). However, that learning does not con-
solidate, such that when tested 24 h later, patients with schizophre-
nia showed fear responses to the cue that should now be neutral,
in line with the pattern of responses observed in the brain during
causal learning and learning about monetary rewards described
above (Corlett et al., 2007a; Murray et al., 2008; Figure 1C).
In the final example we discuss a study by Anticevic et al.
(2011b) examining the effects of interference during a delayed
visual working memory task in patients with schizophrenia and
matched healthy control subjects. While in the scanner, subjects
performed a 2 h task that contained trials with no distraction or
a distracter presented during the working memory delay phase.
Of note, the distracter intensities were manipulated to examine
the effects of different levels and types of interference on the
maintenance of information in working memory in schizophrenia
(i.e., they were either a complex neutral picture, complex emotion-
ally negative picture, or a task-relevant distracter matched to the
original memory set). The behavioral results demonstrated that
patients were distracted irrespective of distracter type. Impor-
tantly, this effect was present even though the two groups were
matched for performance when no distraction occurred (Antice-
vic et al., 2011b). Second, fMRI results showed that patients failed
to recruit a region of the right dorso-lateral prefrontal cortex
(DLPFC) specifically in response to distraction (again irrespective
of distracter type). The degree of DLPFC recruitment correlated
significantly with working memory accuracy for controls, specif-
ically during the distracter condition – illustrating the functional
relevance of this DLPFC response, in line with prior work impli-
cating this region in filtering of distraction (Postle, 2005). No such
relationship was observed for patients, supporting the hypothe-
sis of a failure in distracter filtering. Together these findings show
that even stimuli that are perceived as less salient and successfully
“filtered” by healthy controls present a source of interference for
patients. Furthermore, in complement to the observed prefrontal
deficits, we identified a set of regions in primary visual and asso-
ciation cortices for which patients exhibited elevated responses,
particularly when distracted by neutral information (Figure 1D).
In other words, when both patients and controls were distracted
(by examining incorrect trials specifically) we found an fMRI pat-
tern in line with those described above – namely patients showing
over-responsiveness in sensory regions when controls exhibited no
such response.
These convergent findings suggest that patients respond abnor-
mally to stimuli that are not perceived as salient by healthy con-
trols. Aberrant salience experiences are inherently anxiogenic and
hence demand explanation. Next, we focus on that explanatory
process and how it might culminate in delusion formation.
THE POSSIBLE ROLE OF AFFECT IN FORMATION AND
MAINTENANCE OF DELUSIONS
Delusions, the fixed, false beliefs present in schizophrenia, have
been considered intractable to scientific inquiry (Jaspers, 1963).
Recently, via cognitive neuroscience we have made strides in our
empirical understanding of aberrant belief formation (McKay
et al., 2007a; Fletcher and Frith, 2009; Coltheart, 2010; Corlett et al.,
2010a; Coltheart et al., 2011). Theoretical models grounded in
translational cognitive neuroscience suggest that delusions could
result from disrupted brain mechanisms of predictive learning
(Corlett et al., 2007b, 2010a; Fletcher and Frith, 2009). However,
these accounts have mostly ignored the potential role of affective
contribution to the process of belief formation and maintenance
(Fotopoulou, 2010). Here we briefly expand existing theoretical
accounts of delusion formation to incorporate the role of affective
signals.
What role might affect play in delusion formation? As sug-
gested, aberrant salience experiences are anxiogenic, since they are
surprising and therefore demand explanation (Kapur, 2003). For
instance, in uncertain conditions and stressful situations, people
are likely to experience apophenia (Conrad, 1958) – perceiving
structured meaning in meaningless noise (i.e., seeing and hearing
things that are not actually there; Whitson and Galinsky, 2008).
Furthermore, according to two-factor theories of delusions (Colt-
heart et al., 2011; see below), the Capgras delusion (believing that
one’s relatives have been replaced by impostors) and Fregoli delu-
sion (the belief that strangers on the street are one’s relatives in
disguise) may be in part driven by a lack of predicted emotional
response and an excessive emotional response, respectively. This
possibility is supported by studies of the galvanic skin response
(GSR) in Capgras sufferers who adopt the belief following head
injury – they do not show normative skin conductance increase
(sweating) when confronted by a close family member (Ellis and
Young, 1990). This lack of familiarity response could be surprising
and thus may demand explanation. In turn, such aberrant emo-
tional responses could result in the impostor belief being formed
(Corlett et al., 2010a,b). Based on this account, the Cotard delusion
(the belief that one is dead) may be associated with an attenuated
affective response to otherwise salient cues (Ramachandran and
Blakeslee, 1998). Further supportive data for the role of affect have
yet to be acquired for individuals suffering the Cotard or Fregoli
delusions. Nevertheless, the noted finding in the context of the
Capgras syndrome (Hagen, 2008) supports the hypothesis that
emotional processes play a role in at least some delusions. In the
following sections, we discuss how such processes could interplay
with established models of aberrant belief formation.
We consider the learning model in the context of prior accounts
that explain delusions in terms of aberrations of emotion, motiva-
tion, and desire (McKay et al., 2007a,b; Fotopoulou, 2010). Central
to these accounts is the notion of self-deception (Trivers, 1985;
Hagen, 2008; Mijovic-Prelec and Prelec, 2010), whereby patients
with delusions hold their beliefs to maintain a model of the world
that is not veridical but rather conforms to internally held views
and thus avoids the negative emotions associated with discrepant
perceptions (McKay et al., 2007a,b; Fotopoulou, 2010). These the-
ories argue for a multi-agent conception of self (Mijovic-Prelec
and Prelec, 2010), postulating an actor that supports self-deceiving
beliefs, and a more objective critic that infers the appropriateness
of those beliefs. We argue that such multi-controller models in the
context of delusions are highly consistent with multi-controller
models of instrumental learning from formal animal learning the-
ory, which has been linked to delusion formation (Sutton and
Barto, 1998; Daw et al., 2005). Later, we discuss how motivational
processes may interact with the actor and critic.
Multi-controller models are accounts of instrumental learning
(learning the consequences of one’s actions in the environment)
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from the psychology literature (Dickinson and Balleine, 1990)
and the computational reinforcement learning literature (Daw
et al., 2005). Such models posit more than one system (controller)
that can guide instrumental action and choice. Each controller is
hypothesized to use a different representation or metric to guide
behavior. For example, psychologists have defined a goal-directed
controller of instrumental action that is driven by the value of
the outcome being learned about and mediated by stimulus-
response-outcome associations. In contrast, they also postulate
a more habitual controller that employs stimulus-response asso-
ciations (and is hence insensitive to the value of the outcome
being worked for) may also control instrumental behavior. With
over-training, habitual control takes over such that, even when the
outcome is devalued (e.g., by poisoning or satisfying the subject
by free-feeding), animals continue to respond for the outcome
(Adams and Dickinson, 1981). Functional neuroimaging data have
demonstrated consistent effects in humans and linked habitual
control with dorsal striatal signals (Tricomi et al., 2009). Some
theorists posit that both controllers are present simultaneously
and compete to guide behavior (Daw et al., 2005), which seems to
be the case since manipulations can be made to switch habitual
animals back toward goal-directed responding (Hitchcott et al.,
2007). One possibility is that the competition is based on whose
predictions are least uncertain (Daw et al., 2005). Therefore, pre-
diction error (and the uncertainty with which it is associated)
can bias toward a particular controller of behavior (Butts, 1998).
If such signals are generated inappropriately and internally, they
could contribute to development of aberrant beliefs, which are
then maintained as cognitive habits. In schizophrenia, due to
abnormal distractibility, cognitive impairment, and susceptibil-
ity to stress, corrective mechanisms that involve computationally
intensive reasoning and evaluation may not be able to amelio-
rate fallible maladaptive beliefs (delusions; Mishara and Corlett,
2009). Furthermore, with excessive ruminative self-reinforcement
(Eisenhardt and Menzel, 2007) the inflexible, self-deceptive habit-
ual system may gain control despite corrective feedback (Corlett
et al., 2009b). Critically, motivational factors may play a key role
in this process.
Specifically, motivational processes could be considered in the
domain of paranoid and persecutory beliefs (Kaney and Bentall,
1989, 1992; Kinderman and Bentall, 1996; Bentall et al., 2001) that
defend against low self-esteem (McKay et al., 2007a,c). One possi-
bility is that individuals with persecutory delusions have high overt
self-esteem and relatively low unconscious, covert self-esteem
(Kinderman, 1994; Kinderman and Bentall, 1996), which seems to
be the case in patients with delusions (McKay et al., 2007c). Kinder-
man (1994) showed that individuals with persecutory delusions
(a cardinal example of paranoia) exhibited attentional bias toward
words related to low self-esteem while simultaneously reporting
high self-esteem on an explicit self-rating task. Using the Emo-
tional Stroop task (in which there is a response cost for naming
the color of emotionally salient words), Kinderman found that
individuals with persecutory delusions showed slowing to name
the colors of negative self-descriptors. In contrast, on an overt
measure of self-esteem, the same individuals exhibited higher self-
esteem, explicitly rating themselves more highly on positive vs.
negative adjectives. Kinderman concluded that this discrepancy
between covert and overt self-esteem might reflect the impact of a
defensive process that culminated in the formation of persecutory
delusions. We acknowledge this is indirect evidence, but it offers
some support for the role for self-esteem and motivational factors
in persecutory delusion.
To further investigate the role of self-esteem in persecutory
delusions, McKay et al. (2007c) used the implicit association test
(IAT), demonstrating a link between implicit self-concepts, covert
self-esteem, and persecutory delusions. The IAT measures auto-
matic associations between concepts (Greenwald et al., 1998).
Typically participants need to give two different responses to
words from pairs of categories (e.g., press right hand button for
words that fall into flower or pleasant categories and the left but-
ton for words that fall into the insect or unpleasant category).
The association between the concepts that are paired together is
hypothesized to be stronger the faster the subject responds. McKay
and colleagues used self, other, pleasant, and unpleasant categories.
As shown previously, the ease of making judgments when the
self and pleasant categories are combined under one response
rule can be used as a measure of implicit self-esteem (Green-
wald and Farnham, 2000). Subjects also completed a number of
overt self-relevance rating measures. Patients with current perse-
cutory delusions showed a weaker implicit association between
self and positive compared with depressed and remitted con-
trol groups, even when covarying for depressive symptoms. In
contrast, when accounting for depression there were no differ-
ences between groups on overt self-esteem. The difference between
implicit and overt self-esteem measures in paranoid patients is
consistent with a possible defensive function – paranoid delusions
may in part be related with the motivation to maintain self-esteem.
One emphasis of both motivational/self-protective processes and
learning accounts is the need for closure (Kruglanski et al., 1993;
Kruglanski and Webster, 1996) – a motivational construct, asso-
ciated with a preference for certainty and predictability (McKay
et al., 2007a,c). Patients with persecutory delusions have higher
need for closure (Bentall and Swarbrick, 2003). In the learning
account, need for closure represents the drive to minimize pre-
diction error and infer a model of the internal/external world
that, although maladaptive and self-deceptive, reduces uncertainty
(Mishara and Corlett, 2009). Across both accounts, such self-
deception may be adaptive in that it allows the individual to
engage in the world despite contradictory experiences (McKay
and Dennett, 2009).
Another intersection of learning-based models of belief for-
mation and emotion is fear. Most reinforcement learning mod-
els relevant to delusions center on reward processing, and the
neuroimaging experiments using predictions derived from these
models involve learning about appetitive outcomes (juice, mone-
tary rewards). However, fear conditioning is also prediction error
driven (Laviolette and Grace, 2006; McNally and Westbrook, 2006;
Cole and McNally, 2007, 2009; McNally et al., 2011), involving a
circuit incorporating the ventral tegmental area (VTA), amygdala
and hippocampus as well as the striatum and prefrontal cortex
(Schiller et al., 2008) – all implicated in aberrant prediction error
(see Corlett et al., 2007a for more detail). Descending opioids
and NMDA receptors are also critically involved in predictive
fear learning (McNally and Westbrook, 2006; Cole and McNally,
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2007, 2009; McNally et al., 2011), neurotransmitters that may
be compromised in schizophrenia (see below). NMDA receptor
antagonism (itself a pharmacological model of psychosis; Krystal
et al., 1994) modulates the degree to which prediction error signals
contribute to belief updating, possibly through aberrant predictive
learning (Corlett et al., 2010a). In contrast, the opioid antagonist
naloxone modulates the actual prediction error signals during fear
conditioning (McNally and Westbrook, 2006; Cole and McNally,
2007, 2009; McNally et al., 2011), perhaps through an interaction
with VTA dopamine cells. Aberrations of these neurotransmit-
ter processes could induce inappropriate fear following perceived
cues, resulting in a subsequent elevation of uncertainty, both of
which may contribute to delusion formation (Corlett et al., 2010a).
Furthermore, individuals with a low tolerance for ambiguity are
more prone to paranormal beliefs and odd experiences (Houran
and Houran, 1998). One possibility is that intense emotional states
and learning dysfunction contribute to a vicious circle in which
fear and aberrant perception are mutually reinforcing and demand
explanation (Pally, 2005, 2007), ultimately contributing to aber-
rant beliefs (Corlett et al., 2010a). Moreover, such processes could
contribute to aberrant belief maintenance (see Box 2).
In considering how affect may contribute to delusion formation
and maintenance through interaction with learning mechanisms,
we highlight how overlapping and interactive neural processes may
engender aberrant beliefs, similarly to other processes reviewed
above. For instance, a failure of top-down regulation of the
amygdala by prefrontal cortex may contribute to excessive and
inappropriate fear responses (Corlett et al.,2011). One specific pre-
diction of this interactive emotion-cognition model is that anxious
individuals may become more paranoid in context of pharmaco-
logical manipulations that may exacerbate aberrant beliefs (i.e.,
NMDA receptor antagonists), which would derange the specifica-
tion and incorporation of prediction error signals in a system that
was already sensitized. Future work should explore this possibility.
Furthermore, by taking a more reductionist approach grounded
in formal animal learning theory, we attempt to provide a trans-
lational framework, linking psychological/cognitive accounts with
basic neuroscience findings (e.g., fear-learning mechanisms in ani-
mals). We hope that future studies continue to delineate the inter-
active role of affect with learning and motivational mechanisms
that may operate in the formation of aberrant beliefs.
Next, we discuss how emotion-cognition dysinteraction across
described processes in schizophrenia might arise from hypothe-
sized downstream disruptions in cellular-level computations and
in turn impact large-scale inter-correlated brain systems that have
been linked to symptoms.
UNDERSTANDING AFFECTIVE AND COGNITIVE DEFICITS IN
SCHIZOPHRENIA ACROSS LEVELS OF ANALYSES
Thus far we have discussed the complexity of cognitive and emo-
tional processes affected in schizophrenia. We have focused on
evidence and theoretical understanding at the level of neural sys-
tems and behavior – levels of analyses typically examined using
cognitive neuroscience approaches.
As reviewed, cognitive neuroscience has established the tools
to probe the underlying circuitry that may be affected in
schizophrenia, as well as its relationship to cognition and emo-
tion. By studying pathological states using these tools, we gain
Box 2 Delusions, emotions, and memory.
It is adaptive for an organism to be able to remember salient events for extended periods without the necessity for repeat experiences
(Dickinson, 2001). Reactivation of a memory trace for a salient event may increase the stabilization of that trace (Lee, 2008). Based on this
hypothesis, our most salient memories would be reactivated most frequently and would therefore undergo greatest reconsolidation-based
stabilization, increasing their fixity. Reconsolidation may facilitate the automation of behavior (Stickgold and Walker, 2007) – the transition
from knowledge to belief (Eichenbaum and Bodkin, 2000) – shifting the representation that mediates behavior from declarative to proce-
dural and thus reducing the demand for executive control. Further, reconsolidation is held to aid the extraction of important details from
complex episodic memories and to permit the integration of those details in support of adaptive and efficient behaviors, possibly through
the construction of habits or schemas (Bartlett, 1932). Our hypothesis is that delusions form under the influence of aberrant prediction
errors, whose salience is anxiogenic and may demand explanation. Once delusions form, there may be relief from forming an explanation
(Chouinard and Miller, 1999). In this proposal, subsequent aberrant salient experiences could reactivate the “explanation” and are interpreted
in light of it and therefore strengthened via memory reconsolidation (Lee, 2008). Future work will be needed to further verify the role of
stress, motivation and other emotional factors in this putative process.
We discussed the evidence regarding aberrant belief formation, but what about its maintenance?The state of a memory after consolidation
may depend on the context in which it is recalled. Specifically, surprising information can update the memory trace or engage extinction
learning, which competes with and overrides original traces (Pedreira et al., 2004). There is clinical phenomenological evidence consistent
with the presence of competing representations, such as the duality of belief and disbelief during treatment (Stanton and David, 2000).
Furthermore, delusions are elastic in the face of contradictory evidence (i.e., patients will incorporate contradictory evidence quite readily,
strengthening the belief; Milton et al., 1978).The prognosis and response to cognitive behavioral therapy are worse for individuals engaging
in this elasticity (Garety, 1991).There is further clinical evidence from a study involving the erasure of delusions following their engagement,
administering electro-convulsive therapy following delusion reactivation (Rubin, 1976). More recently, there is cognitive behavioral evidence
showing enhanced illusory truth effect in psychotic patients – when merely exposed to delusion congruent information, individuals with
delusions will subsequently be more convinced of its truth when re-exposed to that information (Moritz et al., 2012).To summarize, patients
may formulate an explanation for their aberrantly salient experiences. Once such a delusional scheme is formed it may be deployed in future
contexts to explain subsequent aberrant experiences, strengthening the delusional association in the process. We recently discussed how
the increasingly influential Bayesian brain account might help us to understand the role of prediction error in perception, belief, and delusion
formation and maintenance (Corlett et al., 2009a; Fletcher and Frith, 2009). It will be key for future studies and theories to consider stress
and emotional/motivational factors in the ongoing process of reconsolidation that may operate in delusion maintenance.
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insights about the neurobiological and psychological mechanisms
through which impairments in cognition and emotion might
contribute to psychiatric illness. However, such approaches have
more difficulty identifying underlying cellular mechanisms (in
humans, and therefore patients suffering from mental illness, at
least). Such a step is crucial to identify effective pharmacologi-
cal therapies. We believe it will be critical to close the existing
gaps in our understanding of emotion and cognition in schizo-
phrenia across levels of explanation: from synaptic signaling at
the micro-circuit level, to system-level disruptions, and ultimately
behavior. We acknowledge that a comprehensive review of the
neurobiology and neurochemical alterations in schizophrenia is
beyond the scope of this manuscript. However, we briefly highlight
how evolving cellular-level hypotheses of mirco-circuit disrup-
tions offer a possible foundation for understanding higher-order
emergent neural system and behavioral deficits in schizophrenia
that demand mechanistic explanations.
The clinical neuroscience approach to schizophrenia has iden-
tified region-level abnormalities in both function and anatomy
across areas such as DLPFC, hippocampus, amygdala, thalamus,
and striatum (Csernansky et al., 1998, 2004, 2008; Laruelle et al.,
1999; Harms et al., 2007, 2010, 2012; Reichenberg and Harvey,
2007; Dowd and Barch, 2010; Mamah et al., 2010; Figure 2A).
This is not to say that other regions are not affected – we sim-
ply use these as an illustrative example for how to link levels
of understanding. However, regions such as DLPFC, striatum,
amygdala, and thalamus comprise a set of cortical-subcortical
networks and loops, which function in concert and are influ-
enced by multiple neuromodulatory signaling pathways (Carlsson
and Carlsson, 1990; Carlsson et al., 2001). It is likely that such
network-level interaction in cortico-thalamo-striatal circuits are
crucial for organizing computations that support complex cog-
nitive processes such as working memory and motivation (Barch
and Dowd, 2010), likely impacted by interactive neurotransmitter
systems such as glutamate and dopamine (Laruelle et al., 2003;
Figure 2B). Indeed, disruptions in numerous interacting neuro-
transmitter systems, including dopamine, GABA, and glutamate
have been implicated in schizophrenia (Kegeles et al., 2000; Abi-
Dargham et al., 2002; Krystal et al., 2003; Lewis et al., 2012). As
noted, there is mounting evidence for dopaminergic alterations in
the striatum of patients with schizophrenia which result in hyper-
activity (Laruelle et al., 1999; Howes et al., 2012; for review see
Laruelle et al., 2003). Patients also present with reduced prefrontal
dopamine tone (Howes et al., 2012; in particular hypo-stimulation
of D1 receptors in PFC; Abi-Dargham et al., 2002). Patients may
also exhibit disruptions in glutamateric signaling at the NMDA
receptor (Krystal et al., 2003), as well as disruptions in GABA
synthesis and signaling from interneurons onto pyramidal cells
(Lewis et al., 2004, 2005, 2012; Gonzalez-Burgos and Lewis, 2012;
Nakazawa et al., 2012; Figure 2B). There is still an ongoing chicken
FIGURE 2 | Conceptual illustration of neural circuitry across levels of
computation that may be involved in affective and cognitive
disturbances in schizophrenia.The figure highlights how, in order to
explain deficits at the phenomenological/behavioral level, we need to
bridge observations across multiple levels of analysis in schizophrenia. (A)
At the regional level there is clear evidence for both structural and
functional abnormalities in cortical (Csernansky et al., 1998, 2004, 2008;
Harms et al., 2010, 2012) and striatal/thalamic circuits in schizophrenia
(Csernansky et al., 1998, 2004, 2008; Laruelle et al., 1999; Harms et al.,
2007; Reichenberg and Harvey, 2007; Dowd and Barch, 2010; Mamah
et al., 2010). (B) However, less is known about how some of these regional
deficits manifest in possible system-level disruptions in functional loops
between prefrontal, striatal, limbic, and thalamic nodes in schizophrenia
(Lisman, 2012). Deficits in these interacting functional systems need to be
considered when interpreting abnormalities between affective/hot and
cognitive/cold operations in schizophrenia. Furthermore, there is known
interplay between interacting neurotransmitter systems in
cortico-striatal-thalamic loops that may be compromised in schizophrenia
(Carlsson et al., 2001; Coyle, 2006). (C) Based on emerging findings from
basic animal (Lewis et al., 2004; Yizhar et al., 2011), post-mortem (Lewis
et al., 2005, 2012), and pharmacological studies (Krystal et al., 2003), there
is an increasing understanding of micro-circuit abnormalities that may be at
play in schizophrenia (Marin, 2012). It may be possible that abnormalities in
the balance of excitation/inhibition in cortical microcircuitry contribute to
downstream system-level disturbances that encompass distributed circuits
and neurotransmitter systems. One leading hypothesis postulates an
imbalance between cortical excitation and inhibition between pyramidal
cells (red) and interneurons (blue), producing a state of “disinhibition,”
which may in turn affect regional and system-level function (Yizhar et al.,
2011). Considering effects across all of these levels will be critical to
mechanistically understand complex schizophrenia phenomenology and
symptom-level interactions.
Frontiers in Psychology | Emotion Science October 2012 | Volume 3 | Article 392 | 12
Anticevic and Corlett Cognition-emotion dysinteraction in schizophrenia
or the egg debate as to which one of these disruptions may be
the proximal cause of downstream symptoms (Coyle, 2006), yet
considering these complex interactions will be vital as we move
toward a more complete understanding of this illness.
One way to organize these multiple, interactive dysfunctions
across levels of analysis is to consider how they may be impacted
by pathology at the level of cortical microcircuitry (Figure 2C;
Lisman, 2012; Lewis et al., 2012; Marin, 2012). That is, perhaps if
we were to start from cellular-level hypotheses of disrupted cor-
tical computations in schizophrenia, we may ultimately be able
to better understand complex dynamics that emerge at higher
levels of observation (Loh et al., 2007; Rolls and Deco, 2011; Lis-
man, 2012). Optimal cortical function depends on the balanced
interaction of pyramidal excitatory (glutamatergic) and inhibitory
(GABAergic) neurons (Shadlen and Newsome, 1994). Disrup-
tions of this balance can have drastic behavioral consequences
(Yizhar et al., 2011; Marin, 2012). In schizophrenia there may
be a functional deficit in the interaction between excitatory and
inhibitory cortical neurons (Benes et al., 1991; Lewis et al., 2004,
2005, 2012; Lewis and Moghaddam, 2006; Marin, 2012). This may
arise from a disruption in cortical inhibition; stemming perhaps
from reduced inhibitory drive via GABA interneurons onto pyra-
midal cells and ultimately resulting in disinhibition of pyramidal
cells (Lewis et al., 2012; Marin, 2012). Post-mortem studies of
patients with schizophrenia consistently show reduced levels of
the mRNA for the 67-kD isoform of glutamic acid decarboxy-
lase (GAD67, encoded by GAD1), a key factor in optimal GABA
levels, in the DLPFC of patients with schizophrenia (for review
see Lewis et al., 2005). Furthermore, GABA’s role in exerting lat-
eral inhibition and synchronizing persistent firing of pyramidal
cells in DLPFC (Rao et al., 2000) provides one potential mech-
anism for the tuning of representations of information. That
is, lateral inhibition might enhance the processing and mainte-
nance of salient information relative to less behaviorally relevant
representations. Disruption of excitation/inhibitory (E/I) balance
between pyramidal and GABA neurons may be one crucial patho-
physiological mechanism operating in schizophrenia, relevant to
the patterns of neural and behavioral responses that we discuss
presently.
Therefore, perhaps a way of reconciling abnormalities in cog-
nition/emotion and circuit-level disruptions is to consider a com-
mon computational motif: “attractor states.” Attractor states rep-
resent reverberating patterns of neural activity that are candidate
mechanisms for working memory (outlined above Wang, 1999),
perception (Braun and Mattia, 2010), and emotion (Rolls and
Stringer, 2001). Attractor states and their sustaining recurrent
neural activity are also crucial to some models of predictive cod-
ing in perception (Kiebel et al., 2009) and prediction error driven
reinforcement learning in the basal ganglia (providing the reward
expectation in a given situation; Morita et al., 2012). Neural evi-
dence across species suggests that such attractor mechanisms exist.
However, rather than remaining in a steady state, populations of
neurons can jump from one attractor state to another (Hopfield,
1982), driven by intrinsic neural activity. Such intrinsic neural
activity can actually contain meaningful spatial and temporal
information and may encourage transitions across the attractor
landscape (Braun and Mattia, 2010) – for example the prior expec-
tations that constrain current perception (Berkes et al., 2011),
which if mis-specified might result in psychotic symptoms (Cor-
lett et al., 2009a). We argue that while cognitive, emotional, and
delusional symptoms may appear “distinct,” they not only interact,
but at a neural level, their pathophysiology may share important
common features such that disruptions can affect all processes and
the interaction between such processes. Thus, examples discussed
above, where response patterns may be exaggerated following a
“neutral” cue, could be considered in terms of the inappropriate
establishment of an attractor state for that cue, possibly due to
inappropriate function within a region (e.g., GABAergic disinhi-
bition) or between regions (e.g., glutamate spillover and increased
noise in message passing between regions; Yamashita and Tani,
2012).
We appreciate that, at present, it is unknown how these cellular
disruptions in E/I balance may manifest at the level of neural sys-
tems and ultimately diverse psychological processes compromised
in this illness (Yizhar et al., 2011). The challenge facing the field is
to close this gap. There are paths forward: (i) one approach is to
start at the level of cells and make predictions regarding the higher
levels of analysis. A way to accomplish this goal could involve
computational modeling (Montague et al., 2012), particularly
models that are rooted in neurophysiologic data and that build on
assumptions based on molecular and systems neuroscience (Wang,
2006, 2008, 2010; Anticevic et al., 2012a); (ii) another approach is
to test hypotheses regarding neural dysfunction in schizophre-
nia via pharmacological manipulations in healthy adults (Corlett
et al., 2007b). This is accomplished through perturbations of the
underlying circuitry thought to be compromised in individuals
suffering from the illness (Honey and Bullmore, 2004), via rela-
tively well-understood neurochemical mechanisms. Furthermore,
attempts have been made to unite the pharmacological and psy-
chological levels of analysis to explain why these interventions are
psychotomimetic (Corlett et al., 2007b; Anticevic et al., 2012a).
In turn, such manipulations may reveal clues regarding specific
links between disruptions in neurotransmitter systems, which
can be connected to system-level deficits and ultimately behav-
ior (Anticevic et al., 2012a); (iii) continued development of more
sophisticated animal models of the neural pathology that may
be present in this illness that are well-linked to both intermedi-
ate and behavioral phenotypic markers should also be pursued
(Yizhar et al., 2011). For instance, primate physiology experiments
of working memory, in combination with targeted neurochem-
ical and optogenetic manipulations (Tye and Diesseroth, 2012),
provide this framework (Simen et al., 2009; Arnsten, 2011; Arn-
sten and Rubia, 2012); (iv) and lastly, large-scale imaging genomic
studies as well as detailed spatial and temporal genetic transcrip-
tomics approaches (Johnson et al., 2009; Kang et al., 2011) could
hone our search for genes that influence cortical development,
that may ultimately disrupt the cortical microcircuitry detailed
above. We argue that these and other complementary neuroscien-
tific approaches will be critical to close our vast explanatory gaps in
clinical neuroscience of schizophrenia and ultimately move toward
ameliorating dysfunction in neural systems affecting cognition,
emotion, and belief.
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CONCLUSION
To summarize, we discussed the interplay of cognition and emo-
tion in schizophrenia across different processes – namely moti-
vation and anhedonia, perceiving and filtering sensory stim-
uli, and how affective responses may interplay with learn-
ing mechanisms in the context of belief formation. We
argue that, while some affective responses may be seemingly
intact in schizophrenia, it is vital to consider how emo-
tion and cognition impact upon one another across contexts
to achieve a full understanding of emergent symptom-level
disturbances in this illness. Finally, we discuss the evolving
understanding of the underlying pathophysiology in schizo-
phrenia. Here we argue that a translational perspective across
levels of analyses – from cellular to system-level phenomena,
and in turn behavioral deficits – will be critical to fully char-
acterize the complex and debilitating symptoms observed in
schizophrenia.
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